The HEAT instrument has detected cosmic-ray electrons and positrons in two balloon ights, at energies between 1 and 50 GeV. The combined data set indicates that the positron fraction does not increase with energy above 10 GeV. However, our results suggest a slight overabundance of positrons at all energies compared with published predictions from secondary production sources, and possibly the hint of a feature in the positron fraction in the energy range 7{20 GeV. We discuss the implications of the observations on the origin and propagation of electrons and positrons, and investigate the possibility that some positrons are from primary, possibly exotic sources. INTRODUCTION The question of the origin and propagation of cosmic-ray electrons and positrons has been an interesting issue in cosmic-ray research for well over 30 years. The all-electron (e + +e ? ) cosmicray ux, amounting to 1-2% of all cosmic rays, is dominated by negative electrons, produced presumably at primary acceleration sites. A small additional component exists, amounting to roughly 10% of the total electronic ux, and consisting of equal numbers of electrons and positrons. The origin of this component lies possibly in the decay of secondaries produced in collisions of hadronic cosmic rays with the dilute interstellar gas.
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Several measurements of the cosmic-ray positron fraction e + =(e + + e ? ) have been made. Below about 1 GeV, the e ects of solar modulation on the interstellar electron and positron uxes and large atmospheric corrections render the interpretation of the measurements di cult. At intermediate energies, between about 1 and 10 GeV, new measurements (Barbiellini et al. 1996 , Barwick et al. 1997 ) of the positron fraction indicate a slight excess over and above the predictions of Protheroe 1982 , where all positrons are assumed to be of secondary origin and to propagate according to the prescription of the leaky-box model. This e ect has been predicted (Clem et al. 1996) as a consequence of charge sign-dependent solar modulation. At energies around 10 GeV and above, a signi cant excess of positrons over the fraction expected from secondary sources has been reported (Agrinier et al. 1969 , Golden et al. 1987 , Golden et al. 1994 , spurring a number of interpretations, ranging from ine cient production of primary electrons at high energies , Boulares 1989 (Barwick et al. 1995 , Barwick et al. 1997 of the positron fraction with the High-Energy Antimatter Telescope (HEAT) balloon-borne instrument do not con rm this rise, and are instead in better agreement with secondary production mechanisms. An independent measurement (Golden et al. 1996) is in statistical agreement with both the HEAT results and the previously-reported rise.
In this paper, we compare the combined HEAT measurements of the positron fraction at energies between 1 and 50 GeV with expectations from secondary production sources. In particular, some structure may exist in the energy-dependence of the HEAT data which cannot be easily explained in terms of conventional secondary production mechanisms, and which is suggestive of a primary source of positrons in the energy range 7-20 GeV, at a level much more modest than that previously reported. SECONDARY PRODUCTION In the leaky-box model, the spectrum of cosmic-ray positrons from secondary sources is calculated from:
where ht(E)i = e = c is the mean cosmic-ray age at energy E for a rigidity-dependent mean escape length e , n is the mean density of interstellar nuclei ( being that density expressed in g/cm 3 ), P e (E) is the rate of production of positrons in interstellar nuclear interactions, and (dE=dt) is the rate of energy loss from synchrotron, inverse Compton, bremsstrahlung, and ionization processes. In Protheroe 1982, all the parameters in Eq.
(1) are speci ed, and a positron fraction is calculated as a function of energy by dividing the calculated positron spectrum with the measured all-electron spectrum. In Figure 1 , the positron fraction measured by HEAT is compared to that predicted by Protheroe 1982 (solid curve) , with a band of uncertainty on the prediction indicated by dashed curves. The best statistical agreement obtains for the upper range of the band of uncertainty, with a 2 = 16:1=9dof, for a con dence level of CL = 17:5% (this CL is obtained by convolving the standard condence level obtained from the 2 parameter with information from runs in the data, or sequences of consecutive points above or below the curve). Other propagation models result in predictions essentially within the band of uncertainty. For example, a revised secondaryproduction curve in the leaky box model, indicated by a dot-dashed line in Figure 1 , is obtained by using n = 0:33 +0:12 ?0:10 atoms/cm 3 and ht(E)i = 12 +8 ?5 10 6 yr (Lukasiak et al. 1994 ), e = 9:5R ?0:6 0:1 (DuVernois et al. 1996) and by introducing Klein-Nishina corrections to the cross-sections for scattering o optical and IR photons. A calculation by Clem et al. 1996 of the solar-modulated positron fraction as a function of energy is also shown as a dotted line in Figure 1 , for a solar polarity close to that which was in e ect at the time the HEAT data were collected. The statistical agreement between this curve and the data is given by 2 = 28:5=9dof, CL = 0:030%, a weak agreement. Because of the uncertainties in the secondary-production model predictions, it is justi able to allow the normalization of the effects to vary. Fits to the data are made, where separate amplitude renormalizations are introduced for the leaky-box prediction and the solar-modulated enhancement (a function of the form A LB+B SM, where \LB" stands for leaky-box prediction, or the solid curve of Figure 1 , \SM" stands for solar-modulation enhancement, or the di erence between the dotted and solid curves of Figure 1 , and A and B are t parameters). Alternatively, a single amplitude renormalization is introduced for the solar-modulated leaky-box prediction The level of statistical agreement between the data and even the least constrained secondaryproduction predictions is modest, but insu ciently weak to reject the null hypothesis that all positrons are from secondary sources. 
PRIMARY POSITRON SOURCES
The HEAT data may suggest a feature around 7{20 GeV, where a small enhancement in the positron fraction is visible, whereas expectations from secondary production sources are of a smooth, monotonic form. This feature appears in both the Fort Sumner and Lynn Lake measurements (Barwick et al. 1997) separately. The use of ner energy bins does not remove the e ect or isolate it to a particular energy. The instrument itself, as well as the analysis procedures, have been carefully veried not to be a ected by charge-sign dependent biases nor by residual proton contamination.
A much better agreement with our data can be obtained by postulating a source of high-energy positrons, over and above a solarmodulated leaky-box positron fraction (with free amplitude). All of the models proposed to explain the previously-reported rise in the positron fraction can be revisited and tuned to account for this feature. As an illustration, we note that the magnitude of the e ect seen in the data is comparable to that expected in the model of Kamionkowski & Turner 1991 , where positron creation results from the decay of gauge bosons produced resonantly in the annihilation of heavy dark matter supersymmetric WIMPs (weakly-interacting massive particles) in the galactic halo. Speci cally, if the experimental feature is real, it could be a signature for the low-energy continuum radiation peak at an energy equivalent to m~ =20, where m~ is the mass of the dark matter neutralino. Another positron fraction enhancement would be expected at an energy of m~ =2 in this model. Figure 3 shows the result of tting to our data a function of the form C SMLB + D KT(m~ ), where SMLB is as before, KT(m~ ) is the enhancement predicted by the model for annihilating dark matter neutralinos of mass m~ , and C and D are t parameters. The best t obtains for m~ = 380 GeV=c 2 , with: C = (0:855 0:032), D = (1:81 0:53), 2 = 5:88=6dof, and CL = 74:2%. This is to be compared to the CL = 24:1% of the minimally-constrained null hypothesis. In Figure 3 , the dotted line is the tted background from secondary-production sources. CONCLUSIONS The positron fraction measured with the HEAT instrument as a function of energy is compatible with scenarios where all positrons are of secondary origin. However, we cannot exclude the possibility of a small primary positron component at energies beyond about 7 GeV. Increased statistical samples from a few more balloon ights of the HEAT-e instrument in the future should permit de nite con rmation of the e ect. Additionally, a precise measurement of the shape of the enhancement and an extension of the measurements beyond 50 GeV will provide discrimination between the various extant models.
